In this study, we report the enhancement in field emission (FE) properties of ZnO nanostructure by Ni doping at the base pressure of ~1 x 10 -8 mbar, which were grown by the simple wet chemical process. ZnO nanostructure shows single crystalline wurtzite structure up to Ni 10%
Introduction
Zinc oxide is one of the most striking semiconductors in the category of 1D and 2D nanomaterial. It is due to its remarkable and multifunctional properties such as direct bandgap of 3.37eV, high exciton binding energy 60 meV 1, 2 . ZnO also shows numerous morphology such as nano-combs 3, 4 , nanotubes 5 , nano-springs 6 , nanorods 7 , nanorings 8 nanowires 9 and nanoflower 10 , due to its significant physical and chemical properties, it's a potential candidate for various applications, such as photo-electronics devices 11, 12 , nano-sensors [13] [14] [15] [16] [17] , nano-generators 18 , electronics devices 19, 20 , dye-sensitized solar cells 21 , spintronics 22, 23 , metal-ions detection 24 , photocatalytic 25 , etc. The last few decades ZnO has shown one of the most promising materials for FE device. It is because of high thermal stability, low electron affinity, as well as oxidation resistance in harsh environment 26, 27 . There are many reports on enhancement of FE from ZnO e.g. Farid et al. have observed enhanced FE properties of Cu doped ZnO nano-composite films synthesized by electrochemically 28 and Yu-Cheng Chang, grown a Ni-doped ZnO nanotower arrays on a silicon substrate using thermal evaporation method (T = 1100 ºC) and observed enhanced optical and field emission properties 29 .
Similarly, Xing et al. have reported the growth of ultrathin single-crystal
ZnO nanobelts by using an Ag catalyzed vapor transport method and FE property 30 . The key issues are the operating voltage range and the emission current stability. As the turn-on or threshold field values are dependent on the morphology (shape and size) as well as its intrinsic physical properties such as work function and electrical conductivity of the emitter. The approach towards improving the FE properties of semiconductors is either to tailor the geometry of the emitter or by modifying its electronic properties. The first approach has limitations on the reduction of the size and shape of the nanostructures. Although the synthesis of an array of well-spaced anisotropic nanostructures possessing a very fine apex radius (typically, 20 nm) is feasible, the mechanical sturdiness of such an emitter is questionable. It is predictable that the mechanical stress induced due to the presence of an intense electrostatic field may result in negative effects, such as bending/fracture of the . This significant enhancement in FE property is a due change in morphology as well as increase the number of electron in the conduction band. . The stability of field emission current was investigated using a computer controlled data acquisition system with a sampling interval of 10 seconds. Special care was taken to avoid any leakage current using shielded cables and proper grounding. The field emission images were recorded using a digital camera (Canon SX150IS).
Experimental details
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Ni-ZnO nanostructure growth mechanism:
The possible growth mechanism of the nanomaterials can be described on basis of chemical reactions and nucleation. The perceptible reaction mechanisms are proposed for achieving the doped material oxides, which are proposed below:
These are the possible reactions which are responsible for the growth of ZnO nanostructure 16, 32 .
The growth mechanism of ZnO nano-structures (nano-rods, nanoflakes, nano-combs, nanosprings, nano-belts, doughnut-shaped particles etc.) is controversial and still not very clear. The morphology of ZnO nanostructure is not only dependent on the preparation technique but also other external conditions such as reaction temperature, pH value, reaction time, solution concentration, doping, etc 5, 7 . The most plausible mechanism known for ZnO nano structure is either layer by layer along the axial direction or by screw dislocation, we already discuss both mechanisms in our previous reports 5, 7, 32 . ZnO exhibit several crystal planes with different polarity This assists to grow ZnO in a different direction as a result to form flakes like morphology. Fig.1 (a) shows the XRD pattern of the pure and doped sample. All the samples are phase pure and exhibit a hexagonal phase of wurtzite type of ZnO, with preferred c-axis growth direction. There is no impurity peak found related to Ni phase, which indicates successfully incorporation of Ni in ZnO structure, it is due comparable ionic radii of Ni 2+ (0.69Å) and Zn
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2+
(0.74Å). The most intense peak in ZnO is (002); this is due to rods or needles like morphology of ZnO nanostructures 5, 29 . Furthermore with increasing the Ni concentration there is a decrease in intensity of (002) peak and increase in (100) and (101) peaks, which is due to change in orientation of nanostructure or morphology of ZnO doping, which is pointed out in previous studies 1, 4 . Fig.1 (b) represents the shift in (002) peak towards the lower two thetas up to 7.5% doping while Ni 10% doping displays an increase in two theta value. The reason may be different doping concentration from dissimilar conditions as well as a lot of distortions in the host ZnO lattices.
This creates a lattice relaxation or compression in the host matrix, because of the vacancy or interstitial defect present in the host matrix. The similar trend of change in 2θ value after Ni doping was reported by Yu et al. 34 and Tong et al. 35 From the interplanar spacing obtained XRD used to estimate the lattice parameters. The (002) plane XRD peak was used for the grain size calculation and the results are shown in table I. properties of ZnO, which we already discuss in the previous report 4 . A typical SEM image of pure ZnO ( Fig. 2(a) ) (low magnification ( 5 KX) images are shown in fig. S1 ) shows the formation of nanoneedles in the form of flower like structure. The average diameter (from the middle) and the length were estimated to be ~200 nm and 1-2 µm, respectively. With Ni 5% and 7.5% doping nanoneedles converted into thick and top flat face nanoneedles with a slight increase in average
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6 diameter from 280 to 294 nm, respectively. It is also observed, cone tapered part of the nanoneedles cracked and starts developing into nanorods. Again with further increase in Ni concentration, nanoneedles is fully converted into nanorods and finally in Ni 10% doped shows decrease in average diameter of nanorods, less than ~100 nm with some transformation into nano-sheets in between the thin nanorods. The energy dispersive X-ray (EDX) spectra of all samples are shown in fig. S2 and percentage of Ni contain in the ZnO samples are shown in Table S1 .
These 1D ZnO nanostructures show good field emitters because of their diverse nanostructure which provides promising aspect ratios and appropriate work functions. The FE properties can be altered by many factors, such as the curvature, uniformity, size, and density of emitter. The current density (J) versus applied electric field (E) characteristic of the pure and doped sample is shown in figure 3(a) . The values of turn-on field and threshold field required for drawing emission current densities of 1 and 10 μA cm −2 are found to be 2. The modified Fowler-Nordheim (F-N) equation in terms of the current density (J) and the applied electric field (E) where applied electric field E is defined as 36, 37 . ) respectively, ϕ is the work function of the emitter material, λ M is the macroscopic pre-exponential correction factor, ν F is value of the principal SchottkyNordheim barrier function (a correction factor), and β is the field enhancement factor. In the present study, the FN plot is found to be nonlinear and such FN plots have been reported for many semiconductor nanomaterials (Fig.3 (b) ).
The enhancement in FE performance after Ni doping in ZnO is may explain as follows: as we known, the turn-on or threshold field depends upon the overall geometry of emitter and also fig.4 (a) . The higher t 2g state hybridized with the p-orbital of the valance band and further split into t bonding and t antibonding ( fig. 4(b) ). The t bonding participate into the Ni-O bond and they are localized. But an antibonding state has higher energy and contains some itinerant electron and also the energy of the anti-bonding states lies very close to the conduction band. Hence there is the large probability that the electron from these antibonding states jumps (act as an impurity state) into the conduction band with a small increase in potential difference. Due to increases in 
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